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Abstract
This is a detailed and comprehensive critique of claims and methods
of string theory from an advanced quantum field theoretical viewpoint.
1 The aim
...The history concludes with an unexpected and glorious success: the so-called
standard model. The way in which this structural classification fell into place,
and the great leaps of imagination involved, justifies a degree of hubris among
the few dozens truly extraordinary individuals who discovered it. However both
this hubris, and the complexity of the result, fed the temptation to go on leaping,
and to forget that these earlier leaps, without exception, had taken off from some
feature of the solid experimental facts laboriously gathered over the years....
Philip Anderson, in ”Loose ends and Gordian knots of the string cult”
Since the string theory community has liberated itself from the toil of ex-
perimental verifiability by linking the fate of particle physics to that of the still
elusive quantum gravity, it has been each time more difficult to criticize them
on the ground of their distance from observation; in fact they have developed
a certain immunity against such criticism. Surprisingly there has been little
criticism of its scientific substance, most critical remarks were directed against
its collateral sociological manifestation including its ideological and material
supremacy and the hard-core marketing of its often very metaphoric content
[1][2].
In this note I will limit myself exclusively to a critical evaluation of the main
claims and arguments of ST from an advance QFT point of view. Since standard
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QFT based on Lagrangian quantization and functional integral representation
shares a substantial part of its formalism with ST, it is not a very effective basis
for a critique since a similarity in computational formalism does not necessarily
expose significant physical distinctions and conceptual flaws. Many of the ideas
and conjectures in ST have a certain metaphoric charm which is partially sup-
ported by conceptually uncontrolled free-wheeling selective1 computations, but,
as I will argue in these notes, that charm in most cases crumbles under closer
conceptual scrutiny.
Whether such a project of deconstruction of ST can have any success depends
on whether string theoreticians have the desire and the conceptual ability to
engage in a critical dialogue (which used to be the lifeblood of particle physics) or
whether the main goal remains domination. At worst it is just for the historical
record, showing that criticism was not only left to the leading figures in other
areas outside particle physics.
In the following I will list some ST claims which afterwards will be shown
to be fundamentally flawed:
1. The Kaluza-Klein argument can be used in QFT (or ST) to encode com-
pactified spatial coordinates into inner symmetries
2. In ST supersymmetry is spontaneously broken
3. Holography is a construct which needs quantum gravity as a prerequisite
4. The Maldacena conjecture is about AdS—CFT holography
5. The estimate for the cosmological constant based on counting the lowest
lying energy modes is consistent with the principles of QFT
6. String theory solves the ”information paradox” of black hole physics
7. Strings are quantum objects with a localization in spacetime which is
string-like instead of point-like
8. It has been shown that ST contains QFT in the limit of low energies.
9. The S-matrix determined by the prescription of ST fulfills the properties
of a particle physics S-matrix
2 Kaluza-Klein compactification only exists as
a metaphoric idea (1)
For discussing the quantum aspects of KK idea it is necessary to first get a
very good understanding about the origin of inner symmetries. Let us agree
to exclude “local gauge symmetries” (and deal with those separately) because
they are not physical (Wigner) symmetries.
1If a calculation does not comply with the metaphoric expectations it is replaced by an
excuse.
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The concept of internal symmetries was since its inception via the SU(2)
isospin of nuclear physics introduced by Heisenberg in the 30s one of the most
mysterious proposals. Whereas it is natural to accept spacetime symmetries
since they accompanied us in the classical setting since the time of Newton,
the understanding of internal symmetries is a somewhat metaphoric concept in
QT. Strictly speaking there are no internal symmetries in classical physics apart
from the conservation of electric charge; they only appear in the classical setting
by reading QT concepts back into classical physics (analogous to Grassmann
variables as ”classical Fermions”) i.e. they are (classically) unnatural.
A profound understanding of inner symmetries in the setting of local quan-
tum physics was finally solved in the work of Doplicher, Haag and Roberts dur-
ing 1970-1990 [3]. Their ground-breaking idea was to start from a dichotomist
view about QFT: the local observable algebra (bosonic and neutral) which car-
ries all the intuitive physical properties as the basic structural input, and the
field algebra which is the name for the algebra generated by charge-carrying
operators which contains the observable algebra as the fix-point algebra under
the action of some compact symmetry group as the object to be constructed by
extension. Im general the field algebra does not permit an immediate intuitive
access, but fortunately its conceptual and mathematical structure is preempted
in the structure of the local observable net of algebras indexed by spacetime re-
gions in a somewhat hidden manner. By a sequence of conceptually extremely
interesting and profound steps this unique field algebra (including the concrete
inner symmetry group which acts on it) can be constructed solely from the
properties of the observables. This is similar in spirit (but much more subtle in
detail) to Marc Kac’s famous saying “how to hear the shape of a drum”.
The first step is to classify all “representation of physical interest” (local rep-
resentations) and construct their intrinsically defined statistics. In this way one
obtains (for spacetime dimensions ≥ 4) a unitary representation of the infinite
symmetric group which belongs to parastatistics2 of height d (where d is deter-
mined by the structure of the observable algebra). The second step is to realize
that these data can be encoded into a better description which trades parastatis-
tics with the Fermi/Bose alternative plus the symmetry group by extending the
observable algebra to the field algebra. The latter is uniquely determined (after
fixing some normalization conventions); the so constructed compact symmetry
group acts on the field algebra in such a way that precisely the observable sub-
algebra is left pointwise invariant. This required the elaboration of a completely
new duality theory for groups because the old Tanaka-Krein duality theory was
not appropriate for this field theoretic problem. The elaboration of the details
of this marvelous mathematical construction took Doplicher and Roberts many
years; it constitutes a magnificent mathematical achievement (highly praised by
those mathematicians who studied it as e.g. the mathematician Marc Rieffel)
in addition of being a milestone in the conceptual conquest of particle physics.
The representation structure of physical interests coming from the DHR
2This is what is measured directly in scattering data; the encoding into internal symmetries
on Fermions/Bosons is a simplifying theoretical encoding.
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theory in lower than 4 spacetime dimensions is richer; in this case the observable
structure leads to representation sectors which carry a representation of the
braid group [3] (a generalization of the symmetric group) and instead of the
field algebra you find something which does not permit a clear-cut separation
into inner and outer (spacetime) symmetries.
The first step is explained in Haag’s book and the second in the reference
to the original D-R work cited therein. The DHR theory therefore resolves the
mystery of the Heisenberg isospin and its generalization in the modern notion
of internal symmetries in terms of the spacetime structure of representation
theory of observables. Having explained something in terms of spacetime lo-
calization makes it more palatable i.e. less mysterious. The transmutation of
compactified spacetime coordinates into something like ”Casimir invariants” of
group representation symmetries is a far-fetched metaphoric idea which is con-
tradicted by the intrinsic meaning of inner symmetries in QT. Wheras it is true
that inner symmetries are related to the localization aspects of the spacetime
ordering device of quantum matter, this relation is not direct but goes through
the local representation theory of localized observable nets [3].
The problem one is facing with the ”curling up” to ”small” compactified spa-
tial dimensions becomes clearer if one relates space and time in the Osterwalder-
Schrader setting of Euclidean QFT; more precisely if one interchanges a com-
pactified spacial coordinate with imaginary time according to the so-called
Nelson-Symanzik temperature duality [4]. The correlation functions of QFT
have no controllable limit under a decreasing compactification radius since vio-
lent vacuum fluctuations will prevent any convergence. This is seen as follows.
Imagine that you have a higher dimensional QFT and convert one of the spa-
tial coordinates into a circle (impose periodicity). Then, as a consequence of
the Nelson-Symanzik duality, you can change that particular spatial coordinate
with time and obtain an equivalent spatially infinitely extended system in a
thermal state whose temperature depends on the radius of the circle3. The KK
limit (decreasing the circle) corresponds then to the divergent situation of infi-
nite temperature. The reason is clear, the vacuum fluctuations in the original
spatial interpretation become uncontrollably large, a property which becomes
more exposed after the N-S duality converts this into the thermal interpreta-
tion. Even if the process would not be divergent (such a case presumably does
not exist in QFT), there is still the previous structural argument that spatial
extension can never be converted into internal symmetries. One has the sus-
picion that ST misses out on vacuum fluctuation because as a first quantized
theory it only contains the vacuum fluctuations of the auxiliary conformal chiral
theory but misses the intrinsic spacetime vacuum polarization (in target space)
which are characteristic for QFT and are responsible for the thermal aspects of
localization.
Aficionados of KK apparently never look at such problems. What they ac-
3Using the (artistic, not mathematical, but as such useful) Feynman-Kac functional integral
representation, this duality is evident; the more rigorous use of the Osterwalder-Schrader
Euclideanisation gives rise to a more demanding mathematical problem [4].
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tually do (apart from looking at cutoff higher4 dimensional Feynman diagrams)
is to manipulate the classical action (having a functional integral representa-
tion in mind) by retaining only the lowest Fourier-component in the classical
Lagrangian before they quantize i.e. before they do the functional integration
and compute correlation functions. But that is not identical with what they
say when they allege that the curling up is something which has an intrinsic
physical meaning within the theory (and not just in its nomological presenta-
tion before its actual construction). In other words their implementation of KK
is not more than a mnemonic device to produce certain Lagrangians by ma-
nipulating a higher-dimensional Lagrangian; it has nothing to do with taking
a limit in the actual correlation functions where they would encounter all the
mentioned problems.
The classical example is that of a 5-dim. curved spacetime metric splitting
according to the KK prescription into a 4-dim. metric and a vectorpotential.
Again the statement is not that the solution of the 5-dim. Einstein-Hilbert
equation of motion with one compactified spatial coordinate of variable sized
splits into the solution of the 4-dim. solution of E-H and a gauge field solving
Maxwell’s equation. It would be very surprising if any 5-dim solution has this
property since the interpretation of gauge transformation (purely passive) is very
different from the active interpretation of local diffeomorphisms5. Apparently
this was a point of Pauli’s critique of the KK idea.
3 Supersymmetry in Superstrings cannot be spon-
taneously broken, it simply collapses (2)
Inner symmetries in QFT in spacetime dimensions ≥ 4 are described by com-
pact group representations and possess spontaneously broken phases. This is
a feature of all infinite degree of freedom quantum systems and the oldest and
best studied (lattice) illustration of this phenomenon is the ferromagnet. The
characteristic feature of a spontaneously broken symmetry phase is the possi-
bility of formal restoration of the symmetry in a mixed state; the spontaneously
broken state is a pure ground state or a relatively pure thermal thermodynamic
limit state (a KMS factor state). The existence of a symmetric mixed state is
the the relict which the continued existence of the algebraic aspects of the sym-
metry leaves on states. The same applies to spacetime symmetries; e.g. Lorentz
invariance is spontaneously broken in a thermal state since the finite matter
density defines a distinguished Lorentz frame (a factor state). By formally av-
eraging over all these Lorentz frames one formally reconstitutes invariance in a
mixed state (a mixture of factor states). The only known exception to this rule
4As a result of the increase of short distance scale dimensions of free fields there are no
renormalizable interactions in higher spacetime dimensions.
5The local covariance principle for classical solution says that if two solutions share an
isometric submanifold (easily achievable for a given solution), an observer whose measurements
are restricted to that submanifold can not know in which global spacetime he lives or, in a
more spectacular sounding terminology, he is part of several worlds.
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is supersymmetry. If one places a supersymmetric system into a heat bath its
supersymmetry does not spontaneously break, but rather suffers a collapse [5].
In this case there is no symmetry regeneration through mixtures. The rules of
spontaneous symmetry breaking do not apply to such a collapse. In the pre-
vious section we have seen that the curling up of small spacial dimensions is
equivalent (Nelson-Symanzik dual) to the introduction of a temperature.
Physically the placing of bosons and fermions into one multiplett (by fine-
tuning of coupling strength) is highly artificial since they are always separated
by a univalence superselection rule which is the most rigid unbreakable supers-
election rule in particle physics (what the Lord separated men should not force
together). This fine tuning is very unstable; it is excorcised by immersing the
supersymmetric system into a heat bath and holding a thermometer in front of
it. To use it for fine-tuning of other properties means to chase the devil with
Beelzebub.
Finally it should be noticed that supersymmetry is an entirely global sym-
metry concept. Its main purpose is to generate a certain rigidity for the vacuum
state. But unlike any other symmetry, including internal and Poincare´ space-
time symmetries, supersymmetry resists ”localization ” and therefore is unable
to protect against the very strong vacuum polarization and thermal manifesta-
tions6 which come with the (Gedankenexperiment or black hole type) creation
of causal/event horizons. In fact this difficulty is related to the previous SUSY-
collapse in a thermal medium.
4 Holography on null-surfaces exists in Minkowski-
and curved- spacetime (3)
I think that anybody who knows the framework of particle physics (say beyond
the level of recent QFT texts which where written by string theorists) would
agree that holography from d+1 to d dimension and its possible inversion cannot
be anything else than a radical change of the spatial encoding of a specified
algebraic substrate; using this word for anything else would be a misuse and lead
to misunderstandings. If such a substrate was given say in the natural spacetime
labeling of a d+1 spacetime in form of a d+1 dimensional QFT and one would
like to analyze this data from the viewpoint of a radically different localization
concept which is naturally associated with its causal- or event- horizon (in the
highly symmetric case of AdS one takes a brane at infinity) one has to find
ways to implement such a change. Of course physics depends not only on the
substrate, but also on its spacetime organization. It is a bit like stem cells which
by enzymes can be forced to organize in different ways (organs). Localization
in QFT, independent of whether nature realizes it (as in case of black holes,
at least according to everybody’s expectation) or just as an imagined process
6Mathematically this is related to the ”monade” (hyperfinite type III1 factor algebra)
nature of local algebras in QFT. Contrary to the standard quantum mechanical type I∞ of
the global QFT algebra in its ground state (which is perfectly consistent with SUSY), the
compatibility between monades and SUSY is problematic.
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in the form of a Gedankenexperiment (e.g. wedge-localization in Minkowski
spacetime a la Unruh), leads to thermal manifestations which are caused by
vacuum polarization near the causal (or event) horizon. The Hawking effect is
fully accounted for by quantum matter in a Schwartzschild spacetime (one does
not need QG which is very helpful since there is no agreement what QG is and
how one should describe it). Any state which extends from the outside into the
black hole without developing a singularity on the horizon will lead to Hawking
radiation at the Hawking temperature (in particular the unique state which is
invariant under the timelike Schwartzschild Killing motion). Nowhere in the
existing derivation are gravitons or QG entering. Since the state is thermal, it
has also an associated entropy. To compute that localization entropy, I have
developed a formalism of holography on null-surfaces (which led to extended
chiral QFT) which explains why the entropy follows an area law. This area
behavior is totally generic and has apriority nothing to do with Bekenstein’s
classical differential geometric area law. In fact one obtains a one-parametric
family of localization entropies depending on the chosen thickness epsilon of
the vacuum polarization “atmosphere”. This family corresponds to the family
of boxed Gibbs systems which one introduces to define the thermodynamic
limit. Of course one can use Bekenstein’s classical formula and equate it with
this microscopically computed entropy to determine ε (I have not done this, but
there can be no doubt that at this point the Planck length enters and determines
the size of the vacuum polarization cloud). The calculations are in two papers
(the first one is published in CQG and the second has been submitted there)
[6][7]
The reason I did the computation in Minkowski spacetime and not in curved
space time directly for the Schwarzschild model is very simple. On the one hand
I wanted to show that null-surface holography is independent of whether the
surface originates as a causal horizon in Minkowski spacetime or as an event
horizon in the presence of curvature. On the other hand given the ideological
prejudice of a possible string referee against any work which does not invoke
the metaphor of QG in connection with black hole physics (and in particular
with black hole entropy) one would run a high chance of rejection; but even
a hard core string theorist would probably not mind something in Minkowski
spacetime which in his mind would be a part of not very relevant mathematical
physics.
5 Although the Maldacena conjecture is not about
AdS–CFT holography, it may indicate partial
integrability aspects of QCD (4)
As the null-surface holography is a change in the spacetime encoding of an al-
gebraic substrate which is originally given in bulk form, so is the AdS—CFT
correspondence . In that case the change of the spacetime ordering-device is
more gentle and has a unique inverse (without necessitating additional assump-
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tions). This has been elaborated with great clarity by Rehren in a series of pa-
pers [8][9], including the demonstration that the change of spacetime encoding
viewpoint agrees formally with Witten’s dual version of a prescribed conformal
source in a functional integral representation[10][11]. I do not know any com-
petent quantum field theorist who does not accept Rehren’s work as the correct
formulation of AdS—CFT holography (Hollands, Wald, Brunetti, Fredenhagen,
Verch, Buchholz,. . . .).
On the other hand the Maldacena conjecture also alleges to address the
AdS—CFT correspondence, but it burdens the AdS side with a metaphoric
idea for which one knows no argument (probably dating back to a conjecture
of ‘t Hooft) which says that the holomorphic encoding of a QFT into a lower
dimensional QT needs the intervention of the hitherto elusive QG. Given the
speculative nature of QG which prevents a clear picture on what one has to
expect on the AdS side, it remains obscure what one wants to prove. For
psychologically understandable reasons it was this metaphoric QG connection
which attracted the attention of string theorists (QG is the raison d’etre for
string theory) and which led Maldacena to formulate a conjecture involving a
vague idea of supersymmetric string under the KK curling (with its even more
vague idea of its QG content) on the dual AdS side in case one starts from
a (supersymmetric) conformal field theory7. The only computational support
came from some numerics of a double limit (large numbers of colors N→ ∞
limit as well as large ’t Hooft coupling) in lowest order. Since the status of
conformality for SUYM finite N is unclear (the only thing which seems to have
been established is the vanishing of the beta function in lowest order), the
N→∞ limit of a QFT is not itself a QFT and thirdly the computation is by no
means a straightforward perturbative calculation but rather involves additional
”massaging”, the meaning of the conjecture remains extremely ambiguous. If
there is a structural property behind these very incomplete calculations then
the conjecture has received the wrong interpretation; to think that a conformal
QFT has two correspondences on AdS, one as described above and another
one through QG is fantastic. It could be an interesting nonperturbative aspect
of QCD discovered by chance, so saying that the Maldacena conjecture is not
the AdS–CFT holography does not diminish the alleged possible value of the
associated computational observation about non-perturbative QCD. Indeed in
more recent publications where people have pursuit the QCD aspect of the
conjecture the label has been changed; the new interpretation of the Maldacena
conjecture is in terms of some integrable aspects (it is not possible to have a
completely integrable QFT in higher dimensions) of QCD. We will shortly refer
to this Maldacena conjecture as the partially integrable QCD conjecture (p.i.
QCD). In this way a confusing formulation of holography invoking the unknown
QG which would contradict Rehren’s AdS–CFT correspondence (which up to
recently has been a quite contentious issue [12]) has been removed and one may
7In order to avoid any freakishness, the conjecture about conformal QFT having a gravi-
tational AdS duals has been extended later to all conformal QFT (except for free fields where
the explicit computation confirms Rehren’s version). Originally it was made for a special
supersymmetric Yang-Mills theory which is believed to be conformally invariant.
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move ahead again (hopefully establishing the new interpretation in less than
4000 papers).
This episode will not remain the last metaphoric approach to particle physics.
With or without string theory, metaphoric concepts will increasingly enter par-
ticle physics, but hopefully some of them will render themselves, as in the good
times of particle physics, susceptible to be backed up by autonomous arguments
with a clearcut relation to existing (or new) principles.
6 The QM level counting approach to vacuum
energy is inconsistent with the local covari-
ance principle of QFT in CST (5)
Most of the quantum entropy calculations are based on a counting picture where
energy levels are populated and the occupied levels are counted. The same
adding up procedure is used to compute the energy density (the vacuum energy
problem). This kind of quantum mechanical picture of entropy is at odds with
the recently discovered principle of quantum local covariance of QFT in curved
spacetime (which is also related to the background independence [19]). Such
level-counting calculations of energy and entropy have been used in the calcula-
tion of the cosmological constant as well as in string theory based microscopic
calculations of entropy of certain limiting cases of black holes. According to a
recent paper by Hollands and Wald [20] entitled: “Quantum Field Theory is not
merely Quantum Mechanics applied to low energy effective degrees of freedom”
such level occupation type computations should be looked upon with a certain
amount of suspicion because they violate one of the most cherished principles
underlying general relativity. Since both classical relativity and local quantum
physics should come together in a future theory of QG, the unknown principles
of QG should constitute a synthesis and not a negation of the known principles.
The problem is intimately related to Wald’s old problem of defining the correct
energy momentum tensor. His proposed solution was the start of the modern
theory of QFT in CST in which the Lagrangian formalism is abandoned in favor
of the adoption of the dichotomy of AQFT between the algebraic structure of
QFT and the admissible states on such algebras. The message for the construc-
tion of the correct energy-momentum tensor (in case of free quantum fields) is
as follows. Pick a state from a natural family of states to which (in case of
Minkowski spacetime) the vacuum state belongs; the natural family turns out
to be given by the so-called quasifree Hadamard states. Compute the energy
momentum tensor via a spacetime limit just as you do it for the vacuum case
(i.e. subtract the expectation value in the quasi-free Hadamard state before
taking the limit of coalescing points). This so defined e-m tensor is finite in all
quasifree Hadamard states but it does not yet fulfill the principle of local covari-
ance under the action of diffeomorphism (under such transformations the e-m
tensor mixes with other operators). The most elegant way of finding the alge-
braically correct e-m tensor which transforms correctly is to solve a well-defined
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cohomology problem. This works for all Wick products [16]; there is a new basis,
call it a locally covariant Wick basis (which reduces for the Minkowski vacuum
to the standard Wick products), which transform correctly (locally covariant
i.e. independent of states) [17].
The existing estimates about CC ignore this basic message (see the review
on vacuum energy [21]) and lead to fantastically large values. A realistic calcu-
lation based on a quasifree Hadamard state (often misleadingly called vacuum
states) associated with one of the popular cosmological metrics (e.g. Robertson-
Walker) would probably give a reasonable value, but this has not yet been done.
It is however encouraging that cosmological models built on a local-covariance-
compatible formulation of the Casimir effect (using the hypothetical axion mat-
ter as a condidate for dark matter) lead to more realistic values which however
tend to have the opposite tendency of coming out too small [22]. It may be inter-
esting to replace axion matter by the large class of Wigner zero mass ı¨nfinite spin
positive energy matter whose best possible localization is semiinfinite string-like
[14]. As a result it is not observable in the sense of local observables (and hence
remains ”dark” in the most perfect sense). Since it does not possess a local
energy-momentum tensor its use in a Einstein-Hilbert setting is however prob-
lematic. Furthermore, although it admits thermal KWS states, there is no
obvious thermodynamic limit approximation by a sequence of Gibbs states on
box quantized matter.
7 There was never any information paradox as-
sociated with the physics of causal- or event-
horizons (6)
It is well-known that localization in a spacetime region O causes vacuum po-
larization at the horizon (see the previous discussion) which in turn leads to
the thermal manifestations [6]. The nature of the localized subalgebra on one
side of the horizon (e.g. the interior of a black hole) and that on the other
side of the causal divide O′ (the causal disjoint), which under natural circum-
stances is equal to the commutant A(O
′
) = A(O)′, is such that despite their
commutativity and the fact that A(O) and A(O)′ together span the full alge-
bra B(H) (all bounded operators in Hilbert space), the latter is not a tensor
product of the former two algebras. This is related to a peculiarity of sharply
localized algebras in QFT; they are very different from the type of algebra one
meets in QM where subdivision into an algebra localized at a given time and
its commutant localized in the complement region leads to tensor factorization
and is not accompanied by thermal manifestations (absence of vacuum polariza-
tion). Mathematically the localized operator algebras in QFT are of the unique
hyperfinite type III1(called the monade in [23]). In QFT models which have a
reasonable phase space degree of freedom structure one can show that the tensor
factorization can be achieved if one creates an arbitrary small ”collar” region
around the sharp localization boundary (the split-property) [3]. In this case the
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operator algebra A(O) and that enlarged by the collar of size ε : A(O
ε
) ⊃ A(O)
admit an intermediate quantum mechanical operator algebra
A(O) ⊂ N ⊂ A(O
ε
)
In terms of and its commutant N ′ the total algebra factorizes




but the vacuum restricted to N or its commutant N ′ remains a thermal KMS
state at the Hawking temperature. It is a pure state for the tensor product
algebra which does not factor (i.e. is entagled with respect to the tensor factor-
ization) and hence becomes a mixed state (in fact a KMS state) upon restriction.
In particular the restriction to A(O) or A(O
ε
)′ are not pure, neither is the re-




since it admits a nontrivial spacelike complement.
All of these statements are perfectly in agreement with QT which has no
information loss. What would cause an apparent paradoxical situation is the
non-observance of the radically different nature of the sharply localized algebras
whose uncommon (from the QM point of view) appearance is inexorably linked
with the ubiquitous vacuum polarization and the associated thermal nature
which is absent in QM; but this has nothing to to with information loss. Hence
there is no role to play for string theory in explaining a presumed information
loss in black hole physics.
7.1 The Bermuda triangle of QG: foundations of QT, ther-
mal manifestation of localization and the elusive QG
For a long time there has been the suspicion that it is not possible to understand
QG without undergoing a radical revision in the foundations of QT. Gerard ’t
Hooft and Roger Penrose raised this issue quite early, and it has been taken up
more recently by Lee Smolin and some researchers in LQG. In ’t Hoofts case it
was the so-called black hole information paradox which had a strong influence
on his thinking. It gave rise to the idea that the holography onto null-surfaces
may be inexorably linked to the elusive gravity and therefore the former may
be used to shed a light onto the latter. The Maldacena conjecture in its original
form as a AdS–CFT holography originated in the light of this ’t Hooft idea.
In the previous main section we have seen that indeed the standard frame-
work of QM with its irreducible ground state and Gibbs state representation is
insufficient in order to understand the thermal manifestations (including Hawk-
ing thermal radiation and associated localization-entropy) at causal- or event-
horizons. But the solution is not a radical revision in the foundation of QT but
rather the recognition that there was a very unusual structure in the midst of
QFT which as a result of naive identifications of QFT with some relativistic
form of QM was not sufficiently perceived: the monade structure (hyperfinite
type lII1 factor operator algebra) which is the carrier of the inexorable vacuum
polarization of QFT and which in turn is responsible for the thermal and en-
tropic manifestation (even in states which result from the restriction of global
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vacuum states). The only way to obtain a monade from a global algebra is to
use a KMS thermal state instead of a vacuum state on the global QFT algebra
and consider the von Neumann closure of the associated GNS representation.
Among the unusual properties of a monade (from a quantum mechanical view-
point) is that on a monade algebra A(O) every state can be prepared locally,
with arbitrary precision, from any other state [30]. Closely related is the fact
that a local observable algebra A(O) has no pure states, i.e., for every ω there







ω2(A) ∀A ∈ A(O)
On the other hand every state on A(O) is a vector state, i.e., for every ω there
is a (non-unique!) ψω ∈ H such that ω(A) = (ψω, Aψω) ∀A ∈ A(O).
This subtle situation is a conceptual ”Bermuda triangle” were it is easy to
get lost. Fortunately (as mentioned before) Maldacena got saved by forgetting
the relation of his conjecture to AdS–CFT and linking it to more promising
integrable aspects of QCD with the hope to find a nonperturbative passage to
the strong coupling regime; this is a more realistic program closer to traditional
ideas in particle physics. (Hopefully the hundreds who also got caught in the
Bermuda triangle with several thousands lost papers will also be saved soon).
But there is another property of monades which indeed gives rise to another idea
(different but not independent from diffeomorphism invariance) which may turn
out to be useful in the search of QG. I will return to this issue in the epilogue.
It almost goes without saying that an algebraic approach based on monades
places the vacuum polarization in the center of the stage whereas this central
aspect of QFT remains completely collateral in any Euclidean functional setting.
8 The quantum objects of ST are not string-
localized (7)
It is quite interesting to start a critique of string theory concerning its apparently
incurable metaphoric nature by asking whether the word ”string” in its name
has any intrinsic meaning in the quantum theoretical realm. In the setting of
the quantization of the 10 dimensional supersymmetric version of the classical
Nambu-Goto string, this would amount to ask whether the localization, which
is intrinsically related to the interaction-free one-string state-space ( i.e. the
state space after the BRST descend from pseudo-unitary to unitary), can be
viewed as being generated by pointlike fields, or whether one needs stringlike
generators. Since the representation is one of a tower of massive particle in which
no zero-mass infinite spin Wigner representations occur (which are the only ones
which would destroy the pointlike generating property of the representation
[14]), the canonical quantization of the classical N-G string is a theory with
pointlike localized generators. In fact since the c-number character of the graded
(supersymmetric) commutator of the Nambu-Goto operator is a c-number, the
autonomous content of the associate field theory is a graded generalized free field.
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Generalized free fields did not find any constructive physical use in QFT; to
the contrary they served as illustrative objects showing that Einstein causality
does insure the causal shadow property (the time-slice property) and that a
reasonable statistical mechanics behavior requires a reasonable control of phase
space properties (the nuclearity condition [3]).
Both structural arguments are quite straightforward. The anomaly-freeness
depends on whether the anomaly-free super Poincare´ Lie algebra (after the co-
homological removal of the ghosts) of the 10-dimensional canonically quantized
supersymmetric Nambu-Goto model (extended by the covariant BRST ghosts
formalism) can be integrated up to a unitary representation of the Poincare´
group. For this one would have to check certain joint domain properties (the
Nelson criterion for the exponentiation of Lie algebras of unbounded operators)
of the unbounded operators which represent the Lie algebra. This has appar-
ently not been done, so we will cross our fingers and assume that it leads to
a strongly continuous unitary representation to which the decomposition the-
ory into irreducibles is applicable. Then the (test function-smeared [15]) N-G
”string field” generated a one-field Poincare´ invariant state space whose decom-
position into irreducibles leads to the unitary equivalence with a direct sum of
irreducible ”mass-tower” contributions. The fact that the (graded) commutator
of the non-interacting N-G string is a c-number and the determination of this
c-number in terms of the particle tower representation yields the desired result
that the N-G field is (unitarily equivalent to) a generalized free field. Like the
infinite component fields studied during the 60s the localization is pointlike.
With other words the equality of the classical pointlike localization with its
quantum counterpart which was the basis of Jordan’s quantization approach to
QFT (afterwards universally adopted) does not extend to classical N-G strings.
A quantum string should show its intrinsic localization if in a commutator of
two alleged quantum strings one is entering the causal dependency region of
the other. But the result is negative, the intrinsic localization concept which
is associated with the unitary representation of the Poincare´ group is pointlike
and not stringlike as the classical picture would suggest.
In some sense string theorists are aware of this phenomenon but that has
not led to a change of terminology. In earlier times talks on string theory often
started with the mantra ”whereas field theory is based on pointlike-localized
objects, the fundamental objects of string theory are string-like localized”. Re-
cently such statements have been less frequent. If one would say that strings
are pointlike-localized quantum objects which result from the quantization of
relativistic classical Nambu-Goto strings, the description would lack linguistic
elegance and impress an auditorium less, but at least would be correct.
Returning to the string theoretic selection of (in the supersymmetric case)
of 10 spacetime dimensions it should be noted that from the viewpoint of the
Veneziano duality this selection property appears physically suspicious. The
dual model exists of course (as any S-matrix with crossing) in every spacetime
dimension and it is not clear why one chooses a multi-particle extension which
only appears to exist in 10 dimension if there would be others which do not
show this strange selective behavior but which were not explored. Presumably
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the ST will have vanished from the scene before there is sufficient interest in
investigating such fundamental questions.
8.1 Localization is the most subtle problem in QT
The discussion of point- versus string- localization in connection with canoni-
cally quantized Nambu-Goto strings is a special subproblem of the wider prob-
lem of localization in QT; this is the most important concept since without it
there is no intrinsic way to interpret the theory. In QM it refers to the Born
probability interpretation and it can be associated with projectors to (com-
plex) subspaces. This QM localization is intimately linked to the Heisenberg
uncertainty relation but its applicability to the realm of QFT is limited to the
derivation of time-dependent scattering theory, its use for finite distance prop-
agation would lead to absurd implications about superluminal signal spread
and in this way negate Fermi’s conclusion that the propagation of photons in
QED follows the same law as in classical electrodynamics. The correct localiza-
tion concept in QFT is supported by vacuum polarization and accompanied by
the thermal manifestations of localization [14][6]. In terms of localized states
it is associated with the position of the dense subspace obtained by applying
the fields restricted to the localization region (most conveniently formulated in
terms of test functions with support in that spacetime region). The position of
this subspace moves with the change of localization regions and is (indirectly)
fixed in terms of the representation of the Poincare group i.e. in terms of the
particle content of the theory. This dense subspace has a representation as
K+ iK where K is a closed real subspace (which cannot be described in terms of
bounded projectors) [24]. This localization description can be separated from
its description in terms of field coordinatizations and this step is achieved by the
(Tomita-Takesaki) modular theory of operator algebras which plays the anal-
ogous role in QFT as the coordinate-independent description of (differential)
geometry in the realm of geometry. The step from localized subspaces to local
subalgebras corresponds to the presentation of the real subspaces as the sum of
a positive cone and its negative where this positive cone and its facial subcones
have to fulfill Connes necessary and sufficient condition [25] (whose translation
into particle physics properties has not yet been achieved) which insure the ex-
istence of operator algebras whose application to the vacuum generate the dense
set of localized states. As the QM localization was controlled by the uncertainty
relations, the modular localization is controlled in terms of vacuum polarization
and its unavoidable thermal manifestation is the fiel theoretic counterpart of
the uncertainty relation. The localized algebras are monades with very different
properties from algebras one meets in QM. There can be no doubt that the
understanding of their positioning in a common Hilbert space will be an impor-
tant step on the long way towards QG. More on that in the subsection of the
epilogue.
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8.2 a long subsection: particle physics in the times of
great conceptual confusions
As many other theories in physics, QFT has gone through a gradual process
of conceptual maturation. Resulting from the complexity of interaction-caused
vacuum polarization which in turn is an inexorable collateral quantum aspect of
causal localization, this process took a much longer time than the conceptual-
mathematical conquest of QM8 and contrary to some public statements (es-
pecially those coming from string theoreticians) we are still very far from its
closure.
The experimental success of QFT was accompanied by a sequence of spec-
tacular conceptual conquests. The first hurdle, which was directly related to
the fact that the discovery of QFT was made in a form of a classical parallelism
(Lagrangian quantization) rather than as an autonomous framework in its own
right, was the ”ultraviolet divergence problem” whose partial taming resulted
in renormalized QED. This progress finally led to two significant mathematical-
conceptual steps, the recognition of the intrinsic singular nature of pointlike
covariant fields which required a distributional formulation of perturbation the-
ory (the avoidance of infinities or cutoffs9 in intermediate calculations in favour
of inherent parameterizable ambiguities in the perturbative iteration) which
led to the dichotomy between renormalizable (a ”minimal” finite parametric
solution) and nonrenormalizable interactions of pointlike fields. The second,
perhaps conceptually even more important side result of that great progress
obtained during the 50s is a clear vision of how the totally intrinsic relativis-
tic representation theoretic Wigner particle concept (no reference to quantiza-
tion whatsoever) is related to the quantum fields. The ubiquitous presence of
vacuum polarization made this particle-field problem one of the most subtle
issues of QFT. The clarification was achieved through the Lehmann-Symanzik-
Zimmermann (LSZ) asymptotic condition and its subsequent derivation from
locality (spacelike commutativity) and the assumption of a mass-gap by Haag
and Ruelle [3]. This conceptual progress about the particle-field issue and the
role of time-dependent scattering theory played also an important role in the
increasing interest in a formulation of QFT which was more intrinsic in the sense
that the highly field-coordinatization-dependent standard setting is replaced by
a formulation which emphasizes the local operator algebras instead of the myri-
ads of different choices of their (composite) field generators. The subtle relation
between localization and vacuum polarization whose original observation goes
back to Heisenberg and Furry and Oppenheimer had no conceptual place in an
S-matrix theory as ST. It recently led to an intrinsic characterization of ”inter-
action” in QFT and is the main tool (in the form of vacuum-polarization-free
8The ”existence problem” in QM (i.e. the achievement of mathematical control for suf-
ficiently many nontrivial and typical models) was solved by adapting the functional calculus
of selfadjoint- and unitary- operators to the needs of QM. A comparable operator-algebraic
controll of QFT has still to be completed.
9Contrary to widespread opinion it is not known how to introduce a cutoff into a solved
local theory as e.g. a factorizing QFT i.e. the causal locality aspect seems to be very important
for the mathematical existence of a QFT.
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generators of wedge-localized algebras) in recent constructive progress as well
as for the computation of localization-entropy [2][23][6][7].
The S-matrix bootstrap program of the 60s was founded on the insight that
the S-matrix is the most intrinsic object of particle physics which is independent
of all choices and conventions as well as free from the short distance aspects of
pointlike field correlations (a property shared by all ”on-shell” quantities). Even
though most of the physical ideas which went into its formulation were correct10
the bootstrap approach was burdened with too much (unnecessary) ideological
freight which finally contributed to its demise. On the one hand there was the
belief in its uniqueness i.e. that there exists only one S-matrix which fulfills the
bootstrap requirements (a theory of everything apart from gravity). The second
incorrect message was that an S-matrix could exist all by itself without being
part of a wider dynamical off-shell setting as e.g. QFT.
Both ideologies had to be abandoned when it later turned out that the
bootstrap-formfactor program worked perfectly within the rich class of 2-dim.
factorizing models, a situation which led to the explicit construction of multipar-
ticle formfactors of a class of theories which are perfect QFT but in most cases
have no Lagrangian setting (neither does one need one). More recently these
models also led to an existence proof, the first such proof [26] outside the su-
perrenormalizable two-dimensional polynomial interactions between scalar fields
which already have been presented several decades ago [27]. A particular promis-
ing approach to these new constructions of QFT models is the operator algebra
based (Tomita-Takesaki) modular setting. Its constructive power results from
the recent recognition that the S-matrix is (besides its importance for particle
scattering theory) also an object of crucial local significance: it is a relative
modular invariant of the wedge-localized operator algebra relative to the vac-
uum (A(W),Ω), a new extremely interesting conceptual aspect of QFT with
great future potential. Within this setting and the assumption of the validity of
the crossing property for the S-matrix as a relative modular invariant it is pos-
sible to prove the uniqueness of the inverse scattering problem i.e. one S-matrix
fulfilling these requirements has at most one QFT.
String theory has the same physical roots as S-matrix theory. But whereas
the S-matrix bootstrap uses properties as (on-shell) ”crossing” abstracted from
the successful and conceptually safe setting of QFT, the Ur-form of ST, the
dual model, is based on ad hoc modifications (originally coming from pure phe-
nomenological considerations for string interactions) of the Veneziano ”duality”
for which there is no theoretical basis in QFT. After Veneziano’s dual model
became a physical orphan, the mere fact that it contains a spin 2 particle led
some physicist to claim that it is a true theory of everything (TOE), this time
including all interactions. The fact that these proposals came from particle
physicists who generally lack a good understanding of general relativity has led
to a situation where these claims were made without checking the validity of
local covariance which is the most characteristic property of quantum matter
10Even the ”nuclear democracy” idea, which only superficially seems to contradict the
QCD quark confinement setting, turned out to describe an important structural property of
nonperturbative QFT.
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in curved spacetime and the prerequisite for diffeomorphism invariance, which
is believed to be characteristic for QG. Starting from its dual model cradle, the
development of ST has caused an ever increasing confusion of particle physics
concepts. The step from the dual model to ST came from the observation that
the mass-tower spectrum resulting from duality is identical to that of a relativis-
tic Nambu Goto string (after classically transforming it into Polyakov’s form and
subjection it to canonical quantization using (in the covariant treatment) the
BRST formalism. But the classical N-G string is also a completely integrable
system and following the intrinsic quantization rules of integrable systems one
arrives at a quite different setting from the canonical one, why that? what
is happening here? Another confusing point is that contrary to expectations
from analogies with QFT, the modified N-G Lagrangian plays no role in the
formulation of interactions in ST; for that purpose one is forced to return to the
one string state (in ”first quantization”) and subjects it to Euclidean analytic
recipes for combining/splitting ”tubes”. Although the graphical rules have a
vague similarity with Feynman rules, there is no operator calculus which could
insure physical properties of the S-matrix. If ST would be a pure S-matrix the-
ory, the only way to learn something about the vacuum polarization11 would
be to try prove a off-shell uniqueness theorem as the one mentioned above.
But how can this be done in view of the almost complete conceptual confu-
sion within ST which in its most recent developments consists of calculations
completely outside any credible conceptual control ? How can a pure S-matrix
theory say something about thermal manifestations of vacuum polarization near
causal/event horizons of black holes and the associated entropy? Why are calcu-
lations without conceptual guide and amok running sophisticated mathematics
allowed to eradicate all the conceptual progress obtained in QFT over several
generations?
By now the conceptual confusion about the interpretation of ST is so great
that even with all good intentions it is virtually impossible to have meaningful
discussions between non-ST and ST particle physicists on the underlying con-
cepts of their alleged results. Already too many generations of particle physicists
who entered the field during the last 25 years have learned to internalize the
metaphoric string approach, and as long as they continue to believe that there
still will be a happy end it is not possible to get them to make a fresh conceptual
investment and keep their house in order.
9 The inclusion of QFT as a l.e. limit of ST
remains dubious (8)
Another metaphoric claim of string theorist which goes beyond terminology is
the statement that ST contains QFT in a large distance or low energy (l. e.)
limit. For a rigorous proof one would have to solve string theory and show that is
11This is indispensible for extracting from on-shell data informations about localization
thermality in particular localization entropy.
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contains objects which asymptotically for large distances approach the correla-
tion functions a task which even in case of the relativistic QFT→nonrelativistic
QM relation would be asking the impossible. The message from this last case is
that metaphoric arguments (e.g. looking at functional representations without
actually doing the functional integrals) may turn out to lead to wrong results.
Take for example the case of 2+1 dimensional QFT which have braid-group
statistics. If the spin is anyonic (i.e. not semi-integer) the statistics is plek-
tonic and the upholding of the spin-statistics theorem in such a case prevents
the nonrelativistic limit to be a (second quantized) QM; it remains a nonrel-
ativistic QFT. Only if one relinquishes the plektonic commutation relations,
but preserves the anyonic spin one finds Wilczek’s anyons in the form of quan-
tum mechanical Aharonov-Bohm dyons12. The theoretical reason why QM is
physically relevant is that its more fundamental QFT counterpart has the same
Fock-space structure, or to but it more bluntly: without the existence of rel-
ativistic local bosonic and fermionic free fields there would be no QM. There
are simply no free (on-shell) plektons and consequently also no plektonic QM.
Only after having indications about a structural compatibility, ”scale sliding ar-
guments” on classical actions in functional representations become trustworthy.
The message from this illustration is that a theory can only be asymptotically
(e.g. for long distances) contained in a more fundamental one if their structures
harmonize. Whereas one has convincing knowledge about the intrinsic structure
of QFT, the metaphoric state of ST prevents such comparison and hence the
claim that it contains QFT becomes dubious.
All important properties of particle physics (starting from the Lamb shift
up to black hole entropy) which cannot be explained in terms of QM have their
origin in vacuum polarization. ST is an S-matrix theory and it would be crucial
to study off-shell objects associated with this S-matrix in order to see whether
there is any vacuum polarization in the target space of string theory. The
unclear status of vacuum polarization in spacetime (target space) as a result of
localization and the ensuing dynamical (local covariant) of vacuum energy and
entropy is the Achilles heel of ST. This is a structural question which cannot
be answered by manipulations in functional integral representations. It seems
that the answer is not known.
10 None of the properties which an S-matrix
of particle scattering must satisfy has been
checked in ST (9)
String theory started with Veneziano’s proposal of a dual elastic scattering am-
plitude by Veneziano. There is of course no method in particle physics which
permits to complete such a tiny bit of specified information to a full scattering
matrix. One (certainly highly non-unique) proposal was based on the similar-
12This is a n-particle QM which satisfies clustering but permits no second quantized repre-
senration in terms of field operators.
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ity of infinite mass tower with the spectrum expected of an extended quantum
object. Indeed the canonical quantization of the relativistic Nambu-Goto string
reproduces the mass tower spectrum. However for the construction of S-matrix
elements the operator approach was not useful; one rather had to return from
the Nambu-Goto string fields to the first quantized string wave functions in or-
der to formulate those splitting and fusing multi-particle S-matrix rules which
go with those well-known Euclidean tube pictures.
But the use of momentum space in particle physics (despite its popular use
in the Feynman rules) is not a fast selling item; it results from more basic
localization structures in spacetime under special circumstances (which were
carefully checked in the case of Feynman rules and are completely violated
for QFT in CST). Only in pointlike local QFT the Fourier transform of the
generator of translations has anything to do with the localization of an event.
Therefore it would have been one of the most important safety measures to
check at least those properties which are even indispensable in more general
theories of particle physics than local QFT. One such property is the cluster
factorization property which is part (the spacelike part) of macro-causality13.
These properties are extremely subtle and it is almost impossible to implement
them by hand without an additional physical idea [28]. According to my best
knowledge the cluster factorization has never been checked for the ST S-matrix
and it would be a matter of incredible luck if this property holds for the string
theory prescription. But without this the physical name S-matrix is completely
misleading. and the terminology is nothing else but false labeling.
11 Epilogue
In its monomaniac pursuit of quantum gravity ST has seriously paralyzed the
post SM research which is aimed at an understanding of the many conceptual
questions which the SM is able to raise but unable to answer. All indications
from more realistic approaches as QFT in CST (which is in the middle of sorting
out some deep problems as local covariance and diffeomorphism covariance) as
well as from spectacular experimental astrophysical discoveries point towards
one conclusion: it is much too early to seriously take up QG, especially if it
leads to the post SM research getting into an oblique position.
As it happened several times in the past, a single-minded pursuit of a prob-
lem by an entire community turns out to be detrimental. The solution often
comes from individuals who follow a conservative path, but using a higher pen-
etrating conceptual depth of focus combined with a more appropriate mathe-
matical formalism and a lot of patience. The best known illustration of this
was the end of wild speculations about how to overcome ultraviolet divergencies
through the work of those individuals who discovered renormalization theory.
Presently there is a similar situation with respect to gravity and QT. Here the
big recent breakthrough came from individuals in particle physics who showed
13The timelike part is a certain one-particle factorization structure (which goes with a
timelike iε-prescription) which was first recognized by Stuekelnberg.
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that as a result of the newly discovered principle of local covariance (diffeomor-
phism covariance) there is much more conceptual clout in QFT in CST then
hitherto expected; in fact their paradigmatic change of the whole framework of
QFT14 [17] reaches deeply into that area which was reserved for QG15. With
their new concept of a relative evolution operator they were able to show that
the step from diffeomorphism covariance to diffeomorphism invariance follows
for any operator Einstein-Hilbert like theory which links the change of the metric
to the energy-momentum tensor [19]. The theorem also applies to the standard
perturbative formulation of quantum gravity which leads to infinitely many pa-
rameters (nonrenormalizable); but even though it cannot be taken seriously for
distances down to the Planck length (no predictive power), the implementation
of the operator E-H equation guaranties the diffeomorphism invariance. The
state of QG is more or less like that of the weak interaction at the time of
Fermi; the serious problem of getting a finite parametric theory still lies ahead,
but the situation is not one which merits to be called a conceptual clash between
gravity and quantum theory (ST has to stick to this terminology in order to
justify itself). The discovery of the new framework of QFT which allows to in-
corporate the classical covariance principle of Einstein into the quantum setting
is the third big conceptual step (after the theoretical discovery of black holes and
Hawking radiation) in gravity. The fact that (in contrast to past paradigmatic
discoveries) it was hardly noticed, testifies to the depth of the present crisis in
which all the attention is sucked up by ST conference hype and the beginning
of a futile Amargeddon between ST and LQG (the only statement they share is
the dubious mantra about a clash between QT and gravity).
LQG is another single-directed structural approach to gravity; it is built on
the reasonable expectation that the essential step from QFT in CST to QG is
the conversion of diffeomorphism covariance into diffeomorphism invariance, in
that respect the LQG approach runs into open doors. Local covariance is indeed
the essential step for considering isometries (diffeomorphism which preserve the
metric) as mentally identifying isometric causally complete submanifolds in-
side (globally non-isometric) different larger manifolds as being observational
indistinguishable whereas diffeomorphism invariance in the sense as explained
before lumps such isomorphic algebras associated to isometric manifolds into
one single quantum object. But I think that there are myriads of theories
which are diffeomorphism invariant and the generic interpretation of the so-
called LOST uniqueness theorem appears to me somewhat suspicious. It is an
interesting question whether diffeomorphism invariant subalgebras retain still
some autonomous localizability properties; the LQP model would exclude such
a situation. The more open particle physics oriented approach, which seems to
me most promising, will be conveniently sketched in the following subsection.
14The first observations in this direction date back to Wald’s investigation of the correct
(locally covariant) energy momentum tensor.
15In view of the new situation it seems to be appropriate to re-investigate the reasons for
the alleged conceptual necessity of QG.
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11.1 The monade setting of QFT
QFT through its inexorable relation between modular localization and vacuum
polarization illustrates in a particular radical way a general message which in
a more conceptual philosophical context already appeared in the writings of
the mathematician and philosopher Gottfried Wilhelm Leibniz. According to
Leibniz spacetime is basically an ordering device for matter. This philosophical
viewpoint played an important role in the formulation of local covariance and
background independence in Einstein’s classical general relativity; it made its
appearance again in the recent very subtle adaptation of these principles to
QFT in curved spacetime [17][19].
A much more detailed correspondence of Leibniz’s image of reality in terms
of indivisible monades to the conceptual structure of particle physics is provided
by the algebraic setting of QFT (AQFT). If one identifies Leibniz’s monades
with copies of the unique hyperfinite type III1 factor algebras
16 [30] then it can
be shown that any QFT permits a faithful encoding into the relative positions
of a finite number of monades17 (which are isomorphic copies of one abstract
monade) in a common Hilbert space. To be more precise, the category of all
QFTs in Minkowski spacetime is identical to that of a finite number of (operator
algebra-) monades placed in a relative modular positions within a shared Hilbert
space; here the recently discovered concept of modular localization is important
[14]. This is quite remarkable since each (operator algebra) monade by itself
is as structureless as a point in geometry, any attempt to take it apart only
reproduces itself. This analogy to points in geometry fails when two or more
monades are positioned in a common Hilbert space [7]. To define what is meant
with modular positioning one needs two new concepts from modular operator
theorymodular inclusions andmodular intersections [31]. This relation between
QFT and Leibniz’s philosophy is much more than a metaphoric analogy, it
comes close to a genuine correspondence between philosophical ideas and the
conceptual structure of particle physics.
This gives a radically new perspective about QFT, which in contrast to
Lagrangian quantization is autonomous, i.e. liberated from the invocation of
any quantization parallelism to classical physics. The conceptual setting and
range of QFT is presently undergoing a paradigmatic change and the analysis of
thermal manifestations of vacuum polarization is an illustration of this changing
situation. These remarks are directly related to the content of the previous
subsection about the conceptual Bermuda triangle.
It is my firm conviction that the best (conceptually most secure) access to
the issue of QG will result from the attempt to unite the aspect of spacetime
as an ordering device which is embodied in the new paradigmatic view of what
constitutes a QFT [17] with the monade presentation of QFT. Since the lat-
16Attempts to decompose a factor algebra into “smaller” enteties only reproduces itself [29].
17In the physics context the monade is interpreted as a wedge algebra A(W ). Whereas on
needs 6 copies of wedge algebras to characterize a full QFT in 4-dim. Minkowski spacetime
[31], the net structure of the holographic lightfront projection of the bulk requires 4 copies: 2
for resolving the localization structure in the direction of light ray and 2 additional ones for
obtaining the transverse one.
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ter has only been established for QFT in Minkowski spacetime, the challenge
would be to adapt the monade presentation to the new functorial formulation
of QFT which places a fixed algebraic substrate simultaneously onto all hyper-
bolic spacetimes and which substitutes global symmetries with local covariance.
An interesting zeroth step into this direction would consists in finding modular
positioning properties which do guaranty the existence of the local diffeomor-
phisms beyond the Moebius symmetry. The modular origin of the latter is part
of the monade presentation in Minkowski spacetime, but the incorporation of
all diffeomorphisms of the circle requires to go beyond that setting. The prob-
lem is not entirely academic because the holographic projection, apart from
the case of conformally invariant 2-dim. models, does not come with a chi-
ral energy-momentum tensor whose moments are the generators of the chiral
diffeomorphism group. Preliminary studies suggest that one has to generalize
the vacuum state to ”partial vacua” i.e. states which are invariant under the
restricted action of diffeomorphisms on localized subalgebras [32].
11.2 Reactions to the first posting
It would be a mistake to interpret this critique as the result of frustration of an
isolated dissatisfied old-fashioned individual. After the first listing of version 1
of this paper there were some encouraging reactions (including one from a string
theorist who agrees with the seriousness of my criticism but hopes that it still
can be overcome). If one could combine all the dissenting voices into a particle
physics Samizdat it could be the beginning of an insurgency of the old particle
physics guard against the squandering of their heritage and the replacement of
a critical dialog by the domination of an ideology of metaphors.
Acknowledgements: I thank Walter Wreszinski for his interest and several
discussions.
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